Over the past two decades, the number of surviving apneic spinal cord injured patients has been increasing. Mechanical ventilation for home maintenance has been supplemented by electrophrenic respiration (EPR) since 1970. Nineteen patients who were totally mechanical ventilator dependent at discharge from rehabilitation in a spinal cord centre are compared with 18 patients discharged on EP R. There were more young males in the EPR group while the overall average ages were approximately the same. The mortality rates were approximately equal although the mechanical ventilator dependent patients expired earlier than the EPR group.
Introduction
Since the organisation of The Institute for Rehabilitation and Research (TIRR) Spinal Cord Injury Center in 1960, over 2600 new spinal cord injury patients have been admitted. More than 4'2% (approximately 110) of these patients were admitted with a neurological level of C3 or above and were essentially apneic on admission. In the past several years, this number has apparently been escalating due, in part, to more of the general public having knowledge of CPR, outlying hospitals being equipped with improved respiratory equipment, proli feration of trained emergency medical technicians, and improvement of skills and equipment in respiratory therapy. As a result of these multiple factors more apneic spinal cord injury patients are surviving the scene of the injury and the acute trauma centres and are later being referred to rehabilitation facilities.
One portion of apneic patients admitted with new spinal cord injuries to rehabilitation centres are those with incomplete injuries who subsequently recover enough respiratory function to ultimately be weaned from all forms of ventilatory support. A second portion of the group of apneic new spinal cord injured patients is that of the mid-cervical injuries who have ascending lesions resulting in loss of function in one or both diaphragms for a period of months only to subsequently recover this function as the neurologic level descends to the site of permanent damage. A third portion of the group of apneic new spinal cord injured patients remain on full-time ventilatory support upon discharge from the spinal cord injury centre. Over the past 17 years, TIRR has discharged 37 ventilatory dependent spinal cord injury patients. Of these, 19 were on mechanical ventilators and 18 were on electrophrenic respirators (EPR) (Glenn et a/., 1973).
Patients and methods
This particular study covers the period from 1968 through December, 1985 . A review of the records of all spinal cord injured patients was performed on these who were totally dependent (24 hours per day) on ventilatory support at their first discharge from TIRR. Demographic information was obtained through review of their medical records and all patients were either seen in clinic or contacted by telephone in December, 1985 for long-term follow-up information.
The ventilator dependent group numbered a total of 19 patients which con sisted of 17 males and two females while the EPR group consisted of a total of 18 patients in which there were nine males and nine females. The average age at onset of injury (Table I) in the ventilatory dependent group was 20 years for the males and 24 years for the females with an overall average of 20 years (range 14 to 29 years). In the EPR group the average age at onset was 14 years in the males and 24 years in the females with an overall average of 19 years (range four to 54 years).
Mortality studies indicated that out of the 19 ventilatory dependent patients, six (32 ( \ ») had expired while in the 18 EPR patients, seven (39°0) had expired 11(6 1°0) 7 39° 0) 18 (100 0 0) (Table II) . The causes of death in the mechanical ventilator dependent group were: three cardiac deaths; one renal; one gastrointestinal bleed; and one un known. The causes of death in the EPR group were: two cardiac deaths; one pulmonary infection; one pulmonary embolus; and three unknown. It is of interest to note that several of the cardiac deaths and possibly the unknown deaths as well were due to sudden death with no known antecedent symptom atology or illness. Most of these were felt to be due to cardiac arrest, probably on a vagal basis. Several died in their sleep at home and two were found dead sitting in their wheelchairs while unattended. The average time in months from onset of injury to death in the mechanical ventilator group (six patients) was 13 months (Table III ). In the EPR group (seven patients), the average time from onset of injury to EPR surgery was 17 months and the average time from EPR surgery to death was 31 months giving a total time from onset of injury to death of 48 months. Thus it appears that the time from onset of injury to death in the EPR group was between three and four times the duration of those that were mechanical ventilator dependent.
In the group of 13 living mechanical ventilator dependent patients, the average time from onset of injury through December, 1985 was 76 months (Table IV) . The longest survivor in this group is now 14·5 years since onset of injury. In the group of 11 surviving patients on electrophrenic stimulators, the average time from onset of injury to EPR surgery was 13 months and from EPR surgery to the present time was 47 months. The average time from onset of injury through December, 1985 was 60 months. The longest surviving EPR patient is currently 17·5 years from onset of injury. An analysis of the average hours of ventilatory support required per day as of December, 1985 was obtained by a telephone call to the patient and family ( Table V) . In the mechanical ventilator dependent group, 10 patients required support 24 hours a day while one required 1 hour a day, one required 8 hours a day, and one required no hours of any type of ventilation. The last patient in this group was able to be totally weaned approximately 1 year after the first discharge from their rehabilitation programme. In the 11 surviving EPR pati ents, seven are being paced 24 hours a day, one 18 hours a day, one 17 hours a day, one 13 hours a day, and one is without EPR. During the remaining hours of the day, these persons are maintained on other types of mechanical ventilatory assistance. The last three patients are those who have had EPRs implanted within the preceding year and, because of pulmonary and other complications,
have not yet reached their goal of 24 hours pacing. The patients were surveyed as to their residence at the time of discharge from their first rehabilitation admission and again 6 months later. In the mechanical ventilator dependent group, 12 patients were discharged to home, four were discharged to a hospital, one unknown, two patients died during the course of their rehabilitation, and no patients were discharged to a nursing home. At 6 months post-discharge follow-up, lO patients were still at home, one was in a nursing home, one was in a hospital, two were unknown, and three had died within the 6 month period. In the EPR group, 15 patients were discharged to home, none were discharged to a nursing home, two were discharged to another hospital, and one died in the course of his rehabilitation programme. Six months later, 13 patients were still living at home, two had moved to a nursing home, and two had expired within that 6 month period.
Discussion
While these groups are both small, they appear to be approximately equal in size. The male/female ratio in the mechanical ventilator dependent group approxi mates that which is usually seen in traumatic spinal cord injury. Interestingly enough, in the EPR group, the males and females were equally split. Age range was essentially the same for males and females in all groups except for the male patients in the EPR group who averaged only 14 years of age. Mortality figures of 32% and 39% in the mechanical ventilator dependent group and the EPR group respectively were approximately the same as were the general causes of death in each group.
It is of interest that the long duration from onset of injury to EPR surgery is perhaps a reflection of the economic problems of sponsorship. The first factor is financing a course of rehabilitation, the second is financing the relatively expensive electrophrenic stimulator equipment, and the third is to sponsor the time it requires to stabilise the patient from the frequent complications of recurrent pneumonitis and/or atelectasis after sustaining quadriplegia with associated apnea.
Patients on mechanical ventilators appear to have a far shorter time of survival when compared with the electrophrenic stimulator group of patients. Of those surviving, patients in the mechanical ventilator dependent group so far have survived on the average 16 months longer than those in the EPR group. However, the mechanical ventilator dependent group includes several patients who later regained some spontaneous respiration and were able to be fully or par tially weaned. Thus, the longevity in this group may be artifically inflated.
All apneic patients are almost uniformly discharged to their home which is partly a result of our hospital policy that requires a pre-admission interview with the patient, family, and sponsors to determine discharge plans before the patient is admitted to the rehabilitation facility. It is an extremely rare finding in our part of the U. S.A. to find a nursing home that is willing to take a patient that is on a ventilator.
Several patients in both groups were discharged back to the original referring hospital or to a hospital in the geographic vicinity of their home, mostly, for a final evaluation prior to moving home so that this hospital would be both knowledgeable and available for further follow-up in case of an acute intercur rent problem.
In the non-survivors, it is apparent that five of the six expired patients in the mechanical ventilator dependent group died during the rehabilitation pro gramme or within the first 6 months following discharge. This is compared to one patient who expired during rehabilitation in the EPR group and two that expired within the first 6 months after discharge.
Around 1970 the adaptability of EPR from patients with sleep apnea to those with apneic quadriplegia afforded us another option in the long-term manage ment of certain numbers of the apneic quadriplegics (Glenn et ai., 1985) . While experience in success rates in the early days were somewhat variable, the de velopment of suitable criteria for EPR candidates over the last 8 years has given us much better long-term results in reaching total (24 hours) maintenance on an EPR system. On a theoretical basis, ventilation utilising the patient's own diaphragmatic musculature by EPR pulls air into the lungs. It is a more physio logic ventilation than respiration with a positive pressure machine which pushes air through a tracheotomy tube into the lungs. Therefore, ventilation by EPR might contribute to patient longevity with less morbidity. Most of the patients that attain 24 hours of pacing with EPR are able to have the tracheotomy plugged and/or removed and replaced with a Plum button.
In summary, continued advances in technology and clinical experience are resulting in an increasing longevity of apneic spinal cord injured patients. A recent multi-centre study (Whiteneck et ai., 1985) reports survival percentages of respirator dependent spinal injured patients at 1, 3, 5, 7, and 9 years post injury to be 86�0, 70°0' 63°(" 59°0' and 63°0 respectively. The mean total expense for this group was $305 80 1 for the average acute and initial rehabili tation management. The subsequent average annual care expense had a mean of $101 246. Thus, this unique group of surviving patients are providing us with a host of medical, moral, economic, psychosocial, community, and vocational problems.
At the present time, no single spinal cord injury facility has a large enough number or experience with apneic spinal cord injured patients to forecast their ultimate outcomes and clinical course. Nor can these traumatic spinal cord injury patients be mixed with those of any other disability groups concerning ventilatory problems and outcomes since their difficulties are so highly unique. Therefore, a collaborative study is being formulated to pool information from multiple facilities in a centralised registry so that we may answer questions concerning mortality and morbidity, home cost, reliability of equipment, equip ment cost, place of residence, and primary care givers as well as their ultimate potential for education, vocation, and community productivity.
